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Simplest case et
pure QED
(Lo neglected)

Cross-section calculable: Integrated over 0
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Also pure QED! ¢ e —aq
(Lo neglected)
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Also pure QED! ete > qq = hX
(Lo neglected)
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(Lo neglected)

q=u,d,s \AQ
2 2
de o dresa? drresa \

Oua — O-dj — Os5 — \
e, = 2/3; 3s 3s 3s 3 h

eq = —1/3; But! we cannot distinguish the quark flavor!
es = 2/3; We measure their sum!
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Also pure QED! ere —qq —hX
(Lo neglected)

q=u,d,s \AQ
2 2
de o dresa? drresa \
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ey = 2/3; 3s 3s 3s =
eq = —1/3; But! we cannot distinguish the quark flavor!
es = 2/3; We measure their sum!

X 3 (color charge!) uu UL UU
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Also pure QED! ere —qq —hX
(Lo neglected)

e‘\A A/q_
eﬂ/ v \Aq

q=u,d,s \AG
2 2
de o dresa? drresa \

Oun = Oqd = Os5 = 3
ey = 2/3; 3s 3s 3s =
eq = —1/3; But! we cannot distinguish the quark flavor!
es = 2/3; We measure their sum!

X 3 (color charge!) uu UL UU
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Also pure QED! ere —qq —hX
(Lo neglected)

e‘\A A/q_
eﬂ/ v \Aq

q=u,d,s \AG
2 2
de o dresa? drresa \

Oun = Oqd = Os5 = 3
ey = 2/3; 3s 3s 3s =
eq = —1/3; But! we cannot distinguish the quark flavor!
es = 2/3; We measure their sum!

X 3 (color charge!) uu UL UU
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Also pure QED! e'e —qq = hX
(Zo neglected)

\ /

4rre? o dresa’ _ 47T€
ey = 2/3; S S

eq = —1/3; But! we cannot distinguish the quark flavor!

es = 2/3; We measure their sum! Experimental access to
_ B B color numbers!
X3 (color charge!) uU UU UL Experimental access to
5 9 quark electrical charges!
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or how do the hadrons get formed?

ete” = qqd — hX
e q
\A A/ B
T, I, P, 1, ...
Q+A/ ! \A b

q what we detect

: : : \A
The fragmentation process is non-perturbative! Q

=> we cannot calculate it!

VVe parametrize it via Fragmentation Functions (FFs) Ty
Fragmentation . ["

or
Hadronization
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or how do the hadrons get formed?

ete” = qqd — hX

e q
\A A/ B
T, K, p,n, ...
e“/ o \‘q p, N

what we detect

=> we cannot calculate it!

VVe parametrize it via Fragmentation Functions (FFs) Ty
Fragmentation . }‘

, , , \A
The fragmentation process is non-perturbative! @

D l2{(2) is the probability that an hadron or

: : Hadronization
h with energy z is generated from a adroniza

parton g
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or how do the hadrons get formed?

ete” = qqd — hX

K, p,n, ...
e+A/ Y \A T P, 7

q what we detect

e*e is the cleanest way to access FF because FFs are the \A
only non-perturbative contribution to the cross-section!
\)b
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o¢ ¢ M oy o¢ ¢ TUx(D) + DY)
elementary
cross-section FF
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what we detect

e*e is the cleanest way to access FF because FFs are the
only non-perturbative contribution to the cross-section! Qq
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Factorization of the cross section!
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what we detect

e*e is the cleanest way to access FF because FFs are the
only non-perturbative contribution to the cross-section! Qq
\

Isospin & charge Symmetries

* O_e e~ T X :0_€+€_—>7T_X

Factorization of the cross section!
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or how do the hadrons get formed?

e+e — qq %hX

\ /
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9 = what we detect

e*e is the cleanest way to access FF because FFs are the
only non-perturbative contribution to the cross-section! @q
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Isospin & charge Symmetries
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Knowing the FFs can provide information on
quark confinement!
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2007: First unpolarized FF extraction
with estimated uncertainties!

Hirai, Kumano, Nagai, Sudoh
Phys. Rev. D 75, 094009 (2007)

Global analises:
e+e-, SIDIS, pp: (including uncertainties)

de Florian, Sassot, Stratmann
Phys. Rev. D 75, 114010 (2300%7) and
Phys. Rev D 76, 074033 (200%7)

Epele, Llubaroff, Sassot, Stratmann
arXiv:1209.3240 [hep-ph]

e+e-, pp:

Albino, Kniehl, Kramer
Nucl. Phys. B 803, 42 (2008)
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—— Aerogel Cherenkov .
SC solenoid <\ @A Ne b ) N K.EKB- .
1.5T NN =Sz n=1.015"1.030 Asymmetric e+ e- collider
[eiiov e (3.5/8GeV)
CsI
TOF e T D Belle spectrometer:

47 spectrometer optimized for
CP violation in B-mmeson decay

On resonance: _
Vs =10.58 GeV (e+ e- — Y(4S) — BB)
” \ 17 Off resonance
&~ —
Vs =10.52 GeV (e+ e- — qq (g=u,d,s,c))
Si vertex 1/ K, detection
Total Luminosity collected:
1000 fbt!!!
Good tracking © [17°;150°] Good PID: &(1m) 2 90%
and vertex resolution e(K) 2 85%
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TOF
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| |

~ @ KHEKB

— "‘_\ Aerogel Cherenkov KEKB-
1200 30 Asymmetric e+ e- collider

o - 0.5GeVe’ (3.5 /8 GeV)
0 P
= =
Z ~
Z Belle spectrometer:
g 600 47t spectrometer optimized for
2 o e CP violation in B-meson decay
3
a 00 On resonance: _
2 Off-resonance Vs =10.58 GeV (e+ e- — Y(4S) — BB)
= -p—’-'-.
= = Off resonance

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 \/-S =10.52 GeV (e+ e- — qa (q=U,d,S,C))

- Year tion

Total Luminosity collected:
1000 fbt!!!
Good tracking © [17°;150°] Good PID: &(1m) 2 90%

and vertex resolution e(K) 2 85%
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BUT!!
e(1m) 2 90% e(K) =2 85%
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Perfect PID = ) =1

BUT!!
e(1m) 2 90% e(K) =2 85%
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Perfect PID = j =t NFraw — p, N

BUT!!
e(1m) 2 90% e(K) =2 85%
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BUT!! % N’L __ 1N] raw
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How to determine the P

D* ~ D°
_I_
Tslow

From data!




armine the Pii

D* > >
From data! T T




armine the Pii

D* > >
From data! T T

mp — m%
? = 1"m,, - my) ‘
_5,6 bg(m, - my)

‘ITY] Tir TTY]YYTYITYTY: YT\ TYY]TY

B DY RSN R R Ve
14 0142 0144 0146 0148 015 0152 0.154

M. = My [GeVIch2)

Negative hadron = K —
(no PID likelihood used)
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538888388

TR IR W S W A . ..
014 0142 0144 0146 048 015 0452 0154

armine the Pii

-

My, = Mye iGeVIt':"zl
Negative hadron
identified as ™

g" noof;.— = *m,, - my) ‘
g® ool bg(m, - m,)
~t
ey T
2000 »
-

e mrwa wiruiruirr W NP R PEFIN EPEPEPEN
14 0142 0144 0146 0148 015 0152 0.154

My, - My, [GeVicA2)

Negative hadron = K —
(no PID likelihood used)
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Negative hadron
identified as 7T /

- vt i 0 RPN R PEFIN EPEPEPEN
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My, - My, [GeVicA2)
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(no PID likelihood used)

|6




armine the Pii

D Picsn-
= mp — m%
—mn|  TE—ke

Negative hadron
identified as 77

E -
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1000
- el .l e R SRR R
M4 0142 0144 0146 0148 015 0152 0.154

Negative hadron = K —
(no PID likelihood used)
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—mn|  TE—ke

Negative hadron
identified as 7T /

E it s i B SN DA B e L'Lj
4 0142 0144 0146 0148 015 0152 0.154
_ -m_. [GeV/cA2]
K % i
D Negative hadron = K —

(no PID likelihood used)
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014 0142 0144 0146 0948 015 0952 0154
my. - My, [GeVic”2]

Negative hadron
identified as 7T /

it s i B SN DA B e L'Lj
0142 0144 0146 0148 015 0152 0.154
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: : — 2000, K—p—
identified as 7 ] /
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K . _
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(no PID likelihood used)
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Detector performance depends on momentum
and scattering angle!




Detector performance depends on momentum
and scattering angle!

P;; = P;;(p,0)




Detector performance depends on momentum

PR o and scattering angle!
0.8 T
) 0.6 iS5 I 7 - Bin pia [GeV/c]
0.4 e / "// ] # bin ranges
02 5 7 | o C . ( ) 0 [0.5,0.65)
E ] | A)/ | PZ] PZ] D; 9 Bin  COS6ap 1 [0.65,0.8)
04 10 7 #  bpinranges || 2 [0.8,1.0)
as T 0 [-0.511,-0.300) || 3 [1.0,1.2)
0.8 J l 1l 1/ 1 [-0.300,-0.152) || % [1.8,1.4)
S B T L 2  [-0.812,0017) || B [1.4,1.6)
3 [0.017,0.209) 6 [1.6,1.8)
4  [0.209,0.355) 7 [1.8,2.0)
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27




Moment of Clarity(?) - part 2

A\l

QUANTUM MECHANICAL AND DON'T GIVE ME ANY
WHAT 1S SPIN ? SPIN. WHAT 1S IT? OF THAT BULLSHIT ABOUT
PAULI MATRICES, FERM]|-

DIRAC AND BOSE-EINSTEIN

I MEAN, WHAT IS
SPIN REALLY ?!!
HELLO.

N 4oL
EMERGENCY.
S 2

ANY MONKEY CAN DO THE
MATH BUT WHAT DOES

THE MATH MEAN 7 3

Ay
v 4 u
le“N m’”ﬂ»m., Muv"N
! \
v

-~
R -

| ask myself this question
at least once a month.
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